Oral microorganisms, including pathogens together with commensals, interact with oral epithelial cells, which can lead to the activation and expression of a variety of inflammatory mediators in epithelial cells. Fusobacterium nucleatum is a filamentous human pathogen that is strongly associated with periodontal diseases. Our previous data suggest that Weissella cibaria, an oral commensal, inhibits the proliferation of periodontopathic bacteria including F. nucleatum. The aim of this study was to examine the effects of W. cibaria on the inflammatory mediators, interleukin (IL)-6 and IL-8, in KB cells stimulated by F. nucleatum. In a reverse transcription-polymerase chain reaction and an enzyme-linked immunosorbent assay, live F. nucleatum alone induced high levels of gene expression and protein release of IL-6 and IL-8, whereas W. cibaria alone did not induce IL-6 and IL-8 responses in KB cells. W. cibaria dose-dependently inhibited the increases of the IL-6 and IL-8 gene expression as well as IL-6 protein level in KB cells which was induced by F. nucleatum. Bacterial viability and its coaggregation with F. nucleatum are not essential in the inhibitory effect of W. cibaria. Visible effects of W. cibaria on the attachment and invasion of KB cells by F. nucleatum were observed. In conclusion, W. cibaria may exert immunomodulatory effects on the IL-6 and IL-8 responses to F. nucleatum-activated KB cells.
INTRODUCTION
Periodontitis, an inflammatory disease of the tooth supporting tissues, is initiated by an overgrowth of specific gram-negative anaerobic bacteria that leads to gingival connective tissue destruction and irreversible alveolar bone resorption. It has been shown that a group of microbes, such as Porphyromonas gingivalis, Tannerella forsythia, Aggregatibacter actinomycetemcomitans, Treponema denticola, and Fusobacterium nucleatum, exist in complexes in subgingival plaque (1~3), and they are suspected to be the putative agents of periodontal diseases. Among these bacteria, F. nucleatum is not only predominant in terms of its numbers in the oral cavity, but also possesses the capacity to form aggregates with other bacteria, and to function as a bridge between the primary and secondary settlers on the surfaces of the teeth (4) . In addition, this microorganism is a potentially important regulator of the host response due to its ability to invade cells and tissues and subsequently modify the immune response (5) . and their products is a critical determinant of periodontal tissue destruction (7, 8) . IL-6, a multifunctional cytokine, plays an important role in regulating the immune response during periodontal disease (9) . IL-6 expression was found to be higher at sites of periodontal inflammation and closely related to the clinical severity of periodontitis (10) . IL-8 is a pro-inflammatory chemokine that attracts and activates neutrophils. IL-8 is up-regulated in oral or gingival epithelial cells after a challenge with several periodontal bacteria (5, 11, 12) . The regulation of inflammatory reactions in host cells has been suggested to be one way of controlling the progression of periodontitis (13) . Emerging evidence has shown that commensal bacteria behave in a manner different from that exhibited by pathogenic bacteria, in that they induce very low levels of proinflammatory cytokines (14) . Some commensal gut bacteria have been shown to be capable of attenuating the acute inflammatory cytokine responses triggered in intestinal epithelial cells (15, 16) . These findings suggest that commensal bacteria might contribute to immunological homeostasis at epithelial surfaces. Whether similar mechanisms take place in the oral environment has not been elucidated.
Our study has approached these questions by employing F. nucleatum and Weissella cibaria as model organisms for the simultaneous infection of epithelial cells. W. cibaria, an oral commensal, is a lactic acid bacterial (LAB) species, and was formerly included in the genus Lactobacillus (17) .
Recently, we previously suggested that W. cibaria isolates from human saliva may be used as a probiotic due to its inhibitory effect on biofilm formation and volatile sulfur compound formation as well as the proliferation of five periodontopathic bacteria including F. nucleatum (18~20).
The aim of the present study was to examine the effects of W. cibaria on the production of inflammatory mediators, IL-6 and IL-8, by KB oral epithelial cells stimulated with F. nucleatum. 
MATERIALS AND METHODS

Bacterial
Enzyme-linked immunosorbent assay (ELISA)
The levels of IL-6 and IL-8 in culture supernatants were 
Attachment and invasion assay
Attachment and invasion assays were conducted as previously described (25) 
Cytotoxicity
The cytotoxicity of W. cibaria was measured using a MTT assay, as described previously (27 (Fig. 1A) . IL-6 and IL-8 secretion were measured by ELISA to confirm the correlation of mRNA expression with protein production (Fig. 1B) . nucleatum-induced IL-6 and IL-8 secretions was higher than that of killed W. cibaria (Fig. 2B) .
Effect of the separation of W. cibaria from host cells on F. nucleatum-induced IL-6 and IL-8
To (Fig. 3A) .
Coaggregation effect of W. cibaria on F. nucleatuminduced IL-6 and IL-8
To investigate the bacterial coaggregation, 1 mM Lcanavanine was used to pretreat F. nucleatum to inhibit coaggregation. IL-6 and IL-8 response by L-canavaninetreated F. nucleatum alone were not different from that of untreated control bacteria. In addition, W. cibaria were still able to inhibit L-canavanine-treated F. nucleatum-induced IL-6 and IL-8 production independent of bacterial coaggreation (Fig. 3B ).
Comparative study of other LAB on F. nucleatuminduced IL-6 and IL-8
To investigate the effect of other LAB on F. nucleatuminduced cytokine secretions, KB cells were incubated with other LAB strains and F. nucleatum, either alone or in combination, for 24 h. All LAB strains were significantly able to inhibit F. nucleatum-induced IL-6 secretions.
However, the inhibitory effect of W. cibaria on F. nucleatuminduced IL-6 and IL-8 secretions was higher than that of
and L. reuteri (Fig. 4) . 
Effect of W. cibaria on cell attachment and invasion by F. nucleatum
Cell attachments were performed to determine if W. cibaria affects the cell attachment of F. nucleatum to KB cells. W. cibaria significantly inhibited the cell attachment of F. nucleatum to KB cells, whereas, F. nucleatum had no effect on the cell attachment of W. cibaria to KB cells (Fig.   5A ). Interestingly, both W. cibaria and F. nucleatum increased the invasion of both bacteria to KB cells (Fig. 5B) .
Cytotoxicity of W. cibaria
To rule out the possibility that cell toxicity caused by W. cibaria infection might have been responsible for the IL-6 and IL-8 inhibition, the viability of the cells was evaluated by MTT assay. No obvious cytotoxic effects were detected at either MOI tested within a 24 h incubation time, and cell viability was ≥ 95% of the untreated control in all experiments (Fig. 6A) . In addition, the viabilities of KB cells with co-incubation with W. cibaria and F. nucleatum were not changed (Fig. 6B) . antigens (9) . Several reports suggest that cytokines play important roles in the pathogenesis of periodontitis (29, 30) .
DISCUSSION
IL-8, a C-X-C chemokine, is up-regulated in oral or gingival epithelial cells after a challenge with several periodontal bacteria, such as A. actinomycetemcomitans, F. nucleatum, and P. intermedia (5, 11, 12) . It has been shown that IL-8 was localized in gingival tissue sections of patients with periodontitis, and the levels of IL-8 mRNA were shown to correspond to the severity of periodontitis (31) . Periodontal therapy reduces immune cell numbers in the infiltrate and the levels of IL-8 (32), suggesting a relationship between this chemokine and periodontal status.
In the present study, we showed that IL-6 and IL-8 levels in KB cells were up-regulated by F. nucleatum. These observations corresponded to the findings that F. nucleatum is highly invasive for KB cells and a potent stimulator of IL-8 expression (5). This may be related to the fact that F. nucleatum has fimbriae. The presence of fimbriae probably makes F. nucleatum adept at adhesion to and internalization In the present study, we observed that epithelial exposure Recently, probiotics and commensals have been recognized to suppress pathogen-induced pro-inflammatory responses in intestinal models, thus helping to maintain immune homeostasis (15, 16) . Often, the inhibitory effect of a probiotic or commensal organism is ascribed to blockade of activator protein 1 and nuclear factor-κB activation (36) .
It appears that mechanisms vary between different strains and species of bacteria, and between different models.
However, the present study focused only the antiinflammatory activities of W. cibaria in vitro.
In conclusion, W. cibaria can inhibit the production of 
